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DR. SMITH: * At medical Grand Rounds this
morning we will focus on the renal complications
of multiple myeloma. Dr. Jane Melnick will pre-
sent the case.

Case Summary
DR. MELNICK:t The patient is a 90-year-old white
man transferred from another hospital for evalua-
tion of obtundation, anuria, fever and anemia. The
patient had been in his usual state of excellent
health until three weeks before admission. While
vacationing in Hawaii, he sustained a spontaneous
fracture of the left humerus. This was accom-
panied by fatigue and malaise. One week before
admission, with an increase in his constitutional
symptoms, he entered the first hospital; he was
at that time ambulatory and oriented. Laboratory
studies showed a hematocrit reading of 28 percent,
a blood urea nitrogen (BUN) value of 38 mg per
dl and a calcium value of 10.6 mg per dl. A
barium enema study showed diverticulosis. An
intravenous pyelogram which was undertaken to

*Lloyd H. Smith, Jr., MD, Professor and Chairman, Depart-
ment of Medicine.

tJane Melnick, MD, first year medical resident.

rule out obstruction showed decreased dye excre-
tion, but a normal caliceal system insofar as it
was visualized. Subsequent to the intravenous
pyelogram, urine output was noted to fall to less
than 10 ml per hour and this was accompanied
by fever and a gradual deterioration in mental
status until the day before transfer when the
patient became unresponsive. A x-ray film of the
chest was said to show a right lower lobe infiltrate;
urine culture showed 105 Escherichia coli. Ther-
apy was begun with intravenous administration of
ampicillin and the patient was transferred to the
University of California Medical Center 24 hours
later.

Vital signs on admission showed a blood pres-
sure of 120/76 mm of mercury, an irregular pulse
of 80 beats per minute and a rectal temperature
of 37.9°C (100.2°F). The patient responded
only to deep pain. The pupils were equally round
and reactive to light. The fundi showed no evi-
dence of papilledema. The neck was rigid with
pronounced meningismus, and there was no jugu-
lar venous distention to 10 cm at 30 degrees. On
examination of the chest diffuse coarse rales and
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rhonchi were noted. First and second heart sounds
were normal, but there were a soft apical third
heart sound, a grade III/VI systolic ejection mur-
mur at the lower left sternal border and a grade
II/VI diastolic decrescendo murmur in the same
distribution. The abdomen was distended with
no bowel sounds heard; there were no masses.
There was prostatic enlargement and a stool
specimen was guaiac-positive. Extremities showed
1 + pitting edema. Results of neurological ex-
amination were significant for the presence of
frontal lobe release signs and oculocephalic
reflexes were normal. Corneal and gag reflexes
were present. The four extremities moved sym-
metrically in response to pain, and there was
diffuse increase in tone. The deep tendon reflexes
were within normal limits. An electrocardiogram
showed right bundle branch block with multiple
premature atrial contractions. Pulmonary edema
was noted on an x-ray film of the chest. A kidney,
ureter and bladder study showed a paucity of
bowel gas with a nasogastric tube in place, and a
prolonged nephrogram phase. An x-ray of the left
arm showed an extensive lytic process with an
oblique fracture involving the humerus. Labora-
tory studies gave the following values: hemato-
crit, 31.6 percent; leukocyte count, normal; sedi-
mentation rate, 140 mm per hour; peripheral
blood smear showed rouleaux formation; sodium,
120 mEq per liter; potassium, 5 mEq per liter;
bicarbonate, 16 mEq per liter; pH, 7.22; anion
gap, 10; calcium, 8.3 mg per dl; phosphate, 7.5
mg per dl; uric acid slightly elevated at 8.6 mg
per dl; serum viscosity, 2.2. Analysis of urine
showed 2 + proteinuria by dipstick and 4 + pro-
teinuria by 20 percent sulfa salicylic acid. The
urine sodium value was 18 mEq per liter. A lum-
bar puncture and computerized tomography brain
scan were entirely within normal limits.
The patient was admitted to the intensive care

unit where cultures were obtained and broad-
spectrum antibiotics were given. Urine output
remained at 10 to 20 ml per hour despite the use
of high dose furosemide, and the following day
a Scribner shunt was placed in the right forearm.
The first of many episodes of hemodialysis was
carried out. BUN and creatinine values decreased
accordingly. There followed a deterioration in
ventilatory status with carbon dioxide retention
requiring intubation and mechanical ventilation
for 48 hours. The initial diagnosis of multiple
myeloma was corroborated by a number of
studies, including serum protein electrophoresis

which showed 2.6 grams per dl of gamma globu-
lin with a monoclonal spike. Immunoelectropho-
resis showed an IgG kappa paraprotein with
greater than 2,700 mg per dl IgG and a concomi-
tant suppression of IgM and IgA. Urine protein
electrophoresis showed 78 percent gamma globu-
lin fraction, and urine light chains were greater
than 1,200 /xg per ml. Bone marrow aspirate
showed 40 percent to 50 percent plasma cells,
some of which were multinucleate. Long bone
films showed myeloma involving the right, as well
as left humerus, left scapula and clavicle, and
findings on skull films were within normal limits.
The patient's pulmonary edema subsequently

resolved rapidly with dialysis, mental status
cleared gradually over a period of about one
week, and he became entirely oriented and alert.
Fever abated within 24 hours and administration
of antibiotics was discontinued four days after
admission when cultures were negative. With
continued dialysis over two weeks, the BUN value
fell to 35 mg per dl and the creatinine level
fell to 2.5 mg per dl; they remained stable at
these levels for at least ten days before discharge
without dialysis. Spontaneous urine output simul-
taneously increased to one liter per day. One week
after discharge the creatinine value had fallen to
2.1 mg per dl. The patient's multiple myeloma
was treated with a four-day course of melphalan
and prednisone, which was followed within ten
days by a moderate pancytopenia. Outpatient
follow-up examinations have since been done by
the Medical, Orthopedic and Hematology-On-
cology Services and subsequent courses of chemo-
therapy will be given.

DR. JAMES NAUGHTON: * Renal disease is the
second most common cause of death in patients
with multiple myeloma.12 As illustrated by to-
day's case, the course at times can be catastrophic
and requires the most aggressive supportive care
to insure patient survival. Other manifestations of
myeloma may be subtle in their effects on the
serum electrolytes and on urine protein excretion,
and yet may provide very important diagnostic
clues. Today, I wish to discuss four syndromes
related to abnormalities of renal function in pa-
tients with multiple myeloma: (1) serum electro-
lyte abnormalities, (2) tubular abnormalities, (3)
acute renal failure and (4) chronic renal failure.
The first of these syndromes deals with abnor-

malities of serum chemistry. There have been
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many references to the effect of myeloma proteins
on the anion gap.3 4 I prefer to calculate the anion
gap simply by adding the serum chloride and bi-
carbonate values, and subtracting the sum from
the serum sodium level. In order to simplify the
arithmetic I do not use the serum potassium value
in the calculations. The normal value for the
anion gap is on the order of 12 mEq per liter with
a standard error of about 0.5 mEq per liter.3
These unmeasured anions are accounted for by
the serum proteins, chiefly albumin, which are
negatively charged; that is, they are anionic at
physiologic pH. Albumin makes up about 75
percent of the normal anion gap. Immunoglobu-
lins, particularly IgG, differ from albumin in that
they are positively charged at the physiologic pH
of serum. Therefore, if immunoglobulins accumu-
late in the blood, there will be a reduction in the
calculated anion gap. Concomitant decrease in
the serum albumin would further accentuate this
decrease. In a review of this subject by Murray,
the average anion gap in 50 patients with multiple
myeloma was 9.2 mEq per liter, compared with
12.2 mEq per liter in controls.3 This is statistically
significant, although not so helpful clinically.
However, almost a third of the patients with
myeloma in that report had anion gaps less than
6 mEq per liter. This is several standard devia-
tions away from the normal. Only two or three
clinical entities can cause this: multiple myeloma,
bromide poisoning-which has a completely dif-
ferent clinical presentation than myeloma-and
some cases of severe hypernatremia which, of
course, are already eliminated by initial measure-
ment of the serum electrolytes.
The case presented today provides an inter-

esting twist on the above observation. On admis-
sion the patient had a serum sodium level of
120 mEq per liter, a bicarbonate value of 16
mEq per liter and a serum chloride value of 94
mEq per liter. These yield an anion gap of 10
mEq per liter, very close to the normal range.
However, the patient was in acute renal failure;
the creatinine level was 7.8 mg per dl and meta-
bolic acidosis was present with a pH of 7.22. This
clinical situation should have resulted in an ele-
vated anion gap, so the first diagnostic clue as
to the underlying disorder could be obtained from
the electrolyte determinations done on admission.
When the acute renal failure with metabolic aci-
dosis resolves there should be a reduced anion
gap. This is exactly what happened. At the time
of discharge the patient's anion gap was 5 to 6

mEq per liter. Before leaving the anion gap I want
to point out that the same physiochemical prop-
erties of immunoglobulins that give rise to the
narrowing of the anion gap also account for their
failure to react with the urine indicator dye reac-
tions for protein (dipstick). That reaction re-
quires the presence of an anionic protein such
as albumin. This will buffer hydrogen ions and
cause a specific chemical reaction to produce the
colorimetric change that identifies the presence
of protein in the urine. Cationic proteins, includ-
ing light chains, do not buffer hydrogen ion and
therefore do not react.
The patient presented today provides a splendid

example of the diagnostic information obtained by
comparing the urine dipstick reaction and the
sulfa salicylic acid reaction. The urine dipstick
reaction was only weakly positive, whereas the
sulfa salicylic acid reaction, which nonspecifically
precipitates any protein, was grossly positive, sug-
gesting the presence of cationic protein (immuAo-
globulin) in the urine. These two pieces of infor-
mation, the inappropriately narrow anion gap
and differential reaction for urine protein, strongly
suggest the diagnosis of multiple myeloma.

Occasionally in patients with myeloma there
will be a reduced serum sodium concentration;
this factitious hyponatremia may even contribute
to the reduction in the anion gap. There are two
mechanisms by which this may occur. The first
is simply the displacement of salt and water from
any given aliquot of the serum by a large amount
of paraprotein in the serum. This is entirely ana-
logous to the hyponatremia seen with certain hy-
perlipoproteinemias. The other, and less com-
mon, difficulty with the measurement of the
serum sodium occurs when there is co-existent
hyperviscosity. This most frequently occurs in
Waldenstrom macroglobulinemia, or with IgA
myeloma wherein immunoglobulin molecules
may polymerize. It rarely occurs in IgG myeloma.
This is purely a technical problem related to the
instrument used in the laboratory to measure the
serum sodium level which uses an automated
aspirating pump.4 When the viscosity of the serum
is elevated, the pump fails to aspirate the appro-
priate amount of serum, so it measures a smaller
amount of sodium. Since the chloride is not meas-
ured by that same automated pump, its measured
value may be normal. This will also result in an ap-
parent lowering of the anion gap as well as hypo-
natremia, and can be corrected by having the lab-
oratory manually pipette the serum sodium sample
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TABLE 1.-Renal Tubular Abnormalities in Myeloma

Bence-Jones proteinuria
Light chains, molecular weight 20,000 daltons, filtered
at glomerulus, normally reabsorbed and catabolized
by renal tubules.
Appearance in urine may signify either overproduc-
tion and saturation of reabsorptive mechanism (mye-
loma) or renal tubular disease ("tubular proteinuria"
systemic lupus erythematosus).
Light chains dimerize in acid pH to form Bence-Jones
protein (molecular weight 40,000 daltons).

Proximal tubule dysfunction-Fanconi syndrome (glyco-
suria, phosphaturia, uricosuria, aminoaciduria).
Rare-about 15 cases, antedates clinical onset of
myeloma.

Distal tubule dysfunction
Nephrogenic diabetes insipidus-in absence of hyper-
calcemia; only occurs in presence of Bence-Jones pro-
teinuria.
Distal (gradient limited) renal tubular acidosis-only
apparent with acid loading; correlates with presence
of Bence-Jones protein.

in the presence of hyperviscosity. In the case dis-
cussed today, blood viscosity was determined;
it was only minimally elevated and therefore was
not contributing to the patient's low anion gap.
The hyponatremia was not factitious and was a
consequence of the patient's acute renal failure.

Hypercalcemia due to increased bone break-
down occurs during the course of myeloma in
50 percent to 60 percent of patients.' It may have
profound consequences on renal function as well
as on central nervous system function. Hyper-
uricemia also occurs, particularly after the ini-
tiation of treatment. This must be kept in mind
and managed prophylactically to avoid the renal
sequelae.

I shall turn now to consider some of the tubu-
lar abnormalities that may occur in myeloma
(Table 1). In 1847 Henry Bence-Jones published
a paper entitled "A new substance appearing in
the urine of a patient with mollities ossium."5
It may interest you to know that mollities ossium
is not an antiquated term for multiple myeloma;
it is an antiquated term for osteomalacia. Bence-
Jones was not the first to observe this "new sub-
stance in the urine" but simply confirmed the
observations of two others and published it first.6
We know now that the proteinaceous precipitate
that he observed when he warmed the urine of
his patient to about 55°C, only to see it disappear
with further heating, represents a dimer of light
chains, either kappa or lambda, often found in
patients with paraprotein disorders. Light chains
are normally produced some 40 percent in excess
of heavy chains. Light chains have a molecular

weight on the order of 20,000 daltons and as such
they are relatively well filtered at the glomerulus.
Waldmann and his colleagues have shown that
filtered light chains are reabsorbed and catabolized
by the renal tubules.7 Their appearance in the
urine reflects either overproduction to the extent
that the reabsorptive capacity is overwhelmed or
a defect in tubular function.
We commonly make use of this information in

two ways: the overproduction states such as mul-
tiple myeloma are associated with light chain
(Bence-Jones) proteinuria; impaired tubular re-
absorption may occur in patients with renal
diseases such as lupus nephritis. Serial determina-
tions of urinary light chain excretion may be
useful in following the course of patients with
lupus nephritis.8 In the presence of an acid
pH, light chains will form dimers which are
less soluble. These dimers with molecular weights
on the order of 40,000 daltons are what we
recognize as the Bence-Jones protein. The less
soluble dimerized form may precipitate in the
tubules and cause tubular obstruction. This is
the primary pathogenesis of chronic renal failure
in myeloma, that is, myeloma kidney. It is un-
certain whether excessive concentrations of light
chains are directly toxic to tubular function inde-
pendent of their mechanical obstructive proper-
ties. Preuss and his associates have shown that
proteins extracted from the urine of patients with
multiple myeloma are directly inhibitory to tubu-
lar transport functions in isolated rat kidney slices,
whereas proteins extracted from the urine of pa-
tients with nephrotic syndrome are not inhibitory.'
This would support the idea that light chains may
be directly toxic to tubular function.'0 On the
other hand, any disease process damaging renal
tubules could be associated with an increase in
light chain excretion. At present, this question is
unresolved.

Several clinical conditions have been identified
in which increased light chain excretion has been
associated with tubular dysfunction.

Proximal tubular dysfunction has now been
documented in some 15 patients with multiple
myeloma presenting as a full-blown, adult-ac-
quired form of the Fanconi syndrome." In several
of these cases, renal biopsy studies have shown
the presence of large crystalline, electron dense
deposits in proximal tubular cells, corresponding
to similar crystalline dense deposits in the plasma
cells of these patients. This is a rare finding
and in only a handful of the 15 reported cases
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TABLE 2.-Acute Renal Failure in Multiple Myeloma

Frequency: Approximately 7.5 percent (may be present-
ing manifestation of myeloma)
Causes:
Urography-rare (1 percent)
Hypercalcemia
Dehydration
Antibiotics
Sepsis

Prognosis: recovery frequent

have the appropriate histologic studies been done.
It has been suggested that these deposits repre-
sent crystals of light chains, which accumulate
in proximal tubule cells as a consequence of in-
creased plasma cell production and reabsorption
following glomerular filtration. They may be re-
sponsible for the multiple tubular transport de-
fects seen in these patients." Interestingly, these
patients with the Fanconi syndrome did not have
clinically obvious myeloma when they first pre-
sented. They had a pronounced increase in light
chain excretion, symptoms of the Fanconi syn-
drome-generally weakness associated with hypo-
phosphatemia-and all of the other associated
tubular transport defects. Over a period of years,
overt myeloma developed. This could be due to
structurally different paraproteins that cause tubu-
lar toxicity when the overall tumor mass is much
lower than in the usual case of overt myeloma.

Distal tubular dysfunction has also been re-
ported in patients with myeloma and Bence-Jones
proteinuria."2 Nephrogenic diabetes insipidus in
the absence of hypercalcemia may occur in the
presence of Bence-Jones proteinuria and distal
renal tubular acidosis has also been shown to
be present in patients with myeloma." Both of
these defects have generally not been clinically
obvious; that is, the patients were not polyuric,
the concentrating defect was only shown when
water intake was restricted and they were not
clinically acidotic. Their urine acidification defect
was only manifest when they were challenged
with an acid load. Whether these last two defects
which are clinically silent are the result of in-
creased light chain excretion or simply an associa-
tion remains to be determined.
We now move to the syndrome of acute renal

failure (Table 2). The frequency of acute renal
failure during the course of myeloma is unknown.
The only large series in the literature is by De-
Fronzo and his associates. They reported 14 cases
of acute renal failure which developed during the
course of 187 cases of myeloma, a frequency of

7.5 percent.'3 As in the case discussed today,
several patients have presented at the University
of California, San Francisco, with acute renal
failure as the initial manifestation of myeloma.
Intravenous pyelography as a precipitating cause
of acute renal failure in myeloma has been widely
discussed since the original report by Bartel in
1954.14 Several large retrospective reviews of
patients with myeloma in whom pyelography has
been carried out, indicate that the incidence of
acute renal failure is approximately 1 percent.'5"6B
Among the mechanisms suggested as the cause of
acute renal failure are dehydration as a result of
the bowel cathartics given before the radiographic
procedure, osmotic diuresis from the contrast
agent leading to dehydration and cast precipita-
tion, urate deposition in tubules secondary to the
uricosuric effect of radiographic dyes17 and direct
dye-induced protein precipitation. The radio-
graphic dyes in use do not precipitate Bence-
Jones proteins in vitro. However, angiographic
dye may cause the precipitation of the so-called
Tamm-Horsfall proteins, the tubular secretory
proteins.'8 These proteins may begin to precipi-
tate and cause tubular stasis and lead to precipita-
tion of Bence-Jones protein with resultant tubular
occlusion. Finally, direct vascular effects of the
dye may cause vasospasm in the kidney, a low
flow state, hyperconcentration of the protein
within the filtrate and precipitation."'
On renal biopsy, these patients often are

found to have extensive cast deposition within
the renal tubules, unlike the acute tubular necrosis
reported with angiographic procedures in other
clinical situations. This suggests that the dye must
play a role in the precipitation of Bence-Jones
protein.

Other factors must be kept in mind, however,
and may be more important than the role of pye-
lography in the development of acute renal failure
in myeloma. In the review by DeFronzo only one
of 14 cases of acute renal failure was associated
with pyelography, whereas factors such as hyper-
calcemia, antibiotic toxicity and sepsis were more
common.'3 Hypercalcemia has two effects: it can
be directly nephrotoxic-through the mechanism
of producing nephrocalcinosis-or it may induce
the state of nephrogenic diabetes insipidus, a
concentrating defect which predisposes the patient
to dehydration and protein precipitation in the
tubules. If acute renal failure develops in this
setting, what is the prognosis? Most of the reports
in the literature are not encouraging. In DeFron-
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TABLE 3.-Causes of Chronic Renal Failure in Myeloma

"Myeloma kidney": tubular obstruction secondary to
precipitations of Bence-Jones proteins, by far the most
common lesion

Hypercalcemia-40 percent to 60 percent
Hyperuricemia
Amyloidosis-10 percent
Plasma cell invasion of kidneys-rare
Pyelonephritis

zo's series, nine of 14 patients died during the
period of acute renal failure, and four of the re-
maining five died within two months.'3 However,
that was a retrospective study garnered over a
decade (from 1963 to 1973) which included a
period where the aggressive dialytic support of
patients with an underlying malignancy was less
common.
At the University of California, San Francisco,

we have seen three patients in the last two months
with acute renal failure and multiple myeloma.
In each instance, acute renal failure was the
presenting manifestation of the disease. The only
patient in whom an intravenous pyelogram was
done was in the case presented today. Each of
those three patients has recovered renal function
after a period of hemodialysis and is now off
dialysis and functioning out of hospital. Recent
experience at the Mayo Clinic also supports a
favorable outcome.'

Table 3 provides a differential diagnosis of the
appearance of azotemia in a patient with mye-
loma. The most common cause is the first one-
so-called "myeloma kidney," with a characteristic
biopsy finding of tubulointerstitial disease with
large, eosinophilic "hard" casts. These casts may
appear laminated or fractured. They often pro-
voke a proliferative response in the tubular epi-
thelial cells with giant cell and syncytial forma-
tion. These casts are reportedly the longest seen
in any renal disease and may occupy the full
length of the nephron from proximal tubule to
collecting duct. They predominantly contain
Bence-Jones protein with some intact immuno-
globulin, fibrinogen and Tamm-Horsfall protein.20
The pathogenesis of myeloma kidney involves the
filtration of light chains, dimerization of the
light chains in the acidic urine leading to frank
precipitation and trapping of various proteinacious
elements within the tubules. There may be addi-
tional interstitial reaction and scarring and some
secondary glomerular ischemia. Dehydration
would accelerate this process by causing higher
concentrations of protein in the filtrate. There are

two experimental models to support this. In one
model Bence-Jones proteins are parenterally in-
jected into mice.21 The other model involves in-
noculating mice with plasma cell tumors that
secrete light chains. In this latter model, Bryan
and McIntire have shown good correlation be-
tween tumor mass, the number of tubules con-
taining casts and renal function.22 Dehydrating
these animals causes increased cast formation;
maintaining a sustained diuresis with furosemide
decreases cast formation. These results lend
credence to our clinical impression that the state
of hydration is indeed an important variable in
the development of myeloma kidney.22

Hypercalcemia leads the other treatable causes
of renal failure in myeloma (Table 3). An ele-
vated serum calcium level occurs in 40 percent
to 60 percent of myeloma cases at some point in
the illness. Some degree of nephrocalcinosis is
frequently present in biopsy specimens. Treatment
of hypercalcemia in myeloma should first begin
with a saline diuresis if tolerated, followed by
prednisone. This is one of the hypercalcemic dis-
orders that is quite responsive to prednisone
therapy. Mithramycin is also effective in the more
severe cases. Hyperuricemia, occurring primarily
after the introduction of chemotherapy, can be
prevented by prophylactic treatment with allo-
purinol and maintaining hydration. The dose of
allopurinol should be reduced in those patients
with significant renal insufficiency. Amyloidosis
can be detected in about 10 percent of renal
autopsy specimens in patients dying with multiple
myeloma.20 The protein deposited in primary
amyloidosis consists of light chains. Primary amy-
loidosis is now considered part of the spectrum of
plasma cell dyscrasias,23 In myeloma, amyloid
accumulation rarely impairs renal function.
Clinically, the development of the nephrotic syn-
drome in a patient with myeloma suggests sig-
nificant amyloidosis.2 It carries no particular
therapeutic implication as the treatment of the
underlying disorder remains the same. Direct
plasma cell invasion of the kidney has also been
described. This appears even less common than
amyloidosis and is almost never detected ante-
mortem.20 In a few cases massive retroperitoneal
infiltration with plasma cells occurred and ob-
structive uropathy resulted.

Infection is the leading cause of death in cases
of myeloma.1 The urinary tract is a frequent site
of infection and great care should be taken to
avoid instrumentation in these high risk patients.
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TABLE 4.-Treatment of Renal Failure in
Multiple Myeloma

General principles: avoid dehydration, urinary tract
instrumentation.
Treat hypercalcemia, hyperuricemia (expectantly)
Cautious use of nephrotoxic antibiotics
Intravenous pyelography if indicated

Specific treatment: forced diuresis and alkali therapy
have been suggested, no controlled data.
Dialysis: both acute and chronic.

Four of seven patients in recent series survived longer
than one year

Renal transplantation: may be considered in stable pa-
tients who have achieved remission with chemotherapy

While a urinary tract infection should always be
considered a likely source of sepsis in these pa-
tients, it is a rare cause of renal failure.

I would like to briefly comment on renal in-
sufficiency in Waldenstrom macroglobulinemia.
It differs from multiple myeloma in that the
predominant renal lesion is glomerular, not
tubular. It consists of the accumulation of large
hyaline thrombi on the capillary lumen.24 Im-
munofluorescence staining shows these deposits
to be primarily composed of IgM. Tubular casts
are uncommon and not nearly so widespread in
Waldenstrom macroglobulinemia as they are in
myeloma. Treatment is directed at the primary
disorder.

In all of these disorders, then, histologic ex-
amination of the kidney is not likely to change
the treatment. Except in most atypical situations,
a renal biopsy study need not be done in patients
with multiple myeloma.

In considering treatment (Table 4), a few gen-
eral principles are important: avoid dehydration
which may lead to excessive cast formation and
avoid urinary tract instrumentation in these infec-
tion-prone patients. Hypercalcemia and hyperuri-
cemia are among the most treatable sequelae of
myeloma and they should be aggressively pur-
sued. Nephrotoxic antibiotics have been impli-
cated in a significant number of patients in whom
renal failure develops with myoloma. It has been
suggested that in the presence of Bence-Jones
proteinuria, antibiotic toxicity may be enhanced.'3
There is no direct evidence to support this, but
nephrotoxic antibiotics should be administered at
reduced doses in those patients who have renal
insufficiency. Serum levels should be monitored.
Pyelography does not pose an undue risk to pa-
tients with myeloma in whom hydration is ade-
quate. However, if the diagnosis of myeloma is
made, there is really no indication for an intra-

venous pyelogram in a vast majority of cases. The
presence of the paraprotein disorder is a sufficient
explanation for renal insufficiency. If obstructive
symptoms also are present, or there are physical
findings suggestive of urinary tract obstruction,
then a pyelogram carried out with adequate hy-
dration is a reasonable diagnostic procedure.
Under these conditions, the incidence of acute
renal failure may be kept to 1 percent.

There is evidence from both animal studies
and several anecdotal clinical reports that forced
diuresis and alkalization of the urine will prevent
or ameliorate myeloma kidney.21'22'25 There are
no controlled clinical data. In patients who can
tolerate sodium loading, the ingestion of 3 to 4
liters of fluid per day and about 10 grams of
sodium bicarbonate has been recommended as
possibly beneficial in the face of developing renal
insufficiency and documented Bence-Jones pro-
teinuria.25

There is growing experience with both acute
and chronic hemodialysis in patients with multiple
myeloma. We would consider patients in whom
acute renal failure develops to be suitable for
dialysis if they are otherwise candidates for con-
tinuing treatment of their myeloma. Our recent
experience suggests that they have a reasonable
chance to recover renal function and not require
long-term dialysis. There are also several reports
of patients with myeloma doing well on programs
of long-term dialysis. In a recent series by Vaziri
and his colleagues, four of seven patients receiving
long-term dialysis survived for at least a year,
and two of seven were alive after three years.26
It appears that patients with myeloma whose only
major disability is renal failure and in whom
additional chemotherapy is planned can be con-
sidered for long-term hemodialysis. Their toler-
ance for chemotherapy appears to be significantly
improved when a program of long-term dialysis
is being carried out.

There have been a very few case reports of
renal transplantation in patients with myeloma
and chronic renal failure.27 In these patients he-
modialysis had been maintained and remission
of myeloma was achieved with chemotherapy.
This is a most unusual combination of events.
One such patient has received a renal transplant
at this medical center. The diagnosis of multiple
myeloma was established two years before trans-
plantation, renal failure developed as a result of
the myeloma, the patient was maintained on he-
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modialysis and there was a complete hematologic
remission on chemotherapy. A kidney was trans-
planted from a cadaver, and the patient is doing
well a year and a half after the transplant without
recurrence of the myeloma. The age of patients
with myeloma places many of them beyond the
60-year age limit for transplant candidates ac-
cepted by our Kidney Transplant Service.

In the case discussed today there were abnor-
malities in each of the four areas I have outlined.
The patient had a reduced anion gap, he was
hypercalcemic and hyperuricemic. He had Bence-
Jones proteinuria, and acute renal failure de-
veloped superimposed on chronic renal failure.
The excellent care provided by the house staff
shows that in spite of his advanced age and
underlying malignant condition it is possible to
restore a satisfactory quality of life to someone
this severely afflicted.

REFERENCES
1. Kyle RA, Bayrd ED: The Monoclonal Gammopathies:

Multiple Myeloma and Related Disorders. Springfield, IL, Charles
C Thomas, 1976, pp 91-102, 156-171, 190-191

2. Martinez-Maldonado M, Wium J, Suki WN, et al: Renal
complications in multiple myeloma: Pathophysiology and some
aspects of clinical management. J Chron Disease 24:221-227, Jul
1971

3. Murray T, Long W, Narins RG: Multiple myeloma and
the anion gap. N Engl J Med 292:574-575, Mar 13, 1975

4. Emmett M, Narins RG: Clinical use of the anion gap.
Medicine 58:38-54, Jan 1977

5. Bence-Jones H: On a new substance occurring in the urine
of a patient with mollities ossium. Philos Trans R Soc 139:55-62,
1848

6. Clamp JR: Some aspects of the first recorded case of multi-
ple myeloma. Lancet 2:1354-1356, Dec 23, 1967

7. Wolhmere RD, Strober W, Waldmann TA: The role of the
kidney in the catabolism of Bence Jones proteins and immuno-
globulin fragments. J Exp Med 126:207-221, Aug 1, 1967

8. Epstein WV: Immunologic events preceding clinical exacer-
bation of systemic lupus erythematosus. Amer J Med 54:631-636,
May 1973

9. Preuss HG, Weiss FR, lammarino RM, et al: Effects on rat
kidney slice function in vitro of proteins from the urine of patients
with myelomatosis and nephrosis. Clin Sci Mol Med 46:283-294,
Mar 1974

10. Smithline N, Kassirer JP, Cohen JJ: Light-chain nephro-
pathy: Renal tubular dysfunction associated with light-chain
proteinuria. N Engl J Med 294:71-74, Jan 8, 1976

11. Maldonado JE, Velosa JA, Kyle RA: Fanconi syndrome in
adults: A manifestation of a latent form of myeloma. Amer J
Med 58:354-364, Mar 1975

12. DeFronzo RA, Cooke CR, Wright JR, et al: Bence-Jones
proteinuria and renal failure in multiple myeloma. Clin Res
22:486A, 1974

13. DeFronzo RA, Humphrey RL, Wright JR, et al: Acute
renal failure in multiple myeloma. Medicine 54:209-223, May 1975

14. Bartels ED, Brun GC, Gammeltoft A, et al: Auto-anuria
following intravenous pyelography in a patient with myelomatosis,
Acta Med Scand 150:297-302, 1954

15. Myers GH Jr, Witten DM: Acute renal failure with ex-
cretory urography in multiple myeloma. Amer J Roentgenol
Radium Ther Nucl Med 113:583-588, Nov 1971

16. Morgan C Jr, Hammack WJ: Intravenous urography in
multiple myeloma. N Engl J Med 275:77-79, Jul 14, 1966

17. Mudge GH: Uricosuric action of cholecystographic agents.
N Engl J Med 284:929-933, Apr 29, 1971

18. Berdon WE, Schwartz RH, Becker J, et al: Tamm-Horsfall
proteinuria. Radiology 92:714-722, Mar 1969

19. Caldicott WJH, Hollenberg NK, Abrams HL: Character-
istics of response of renal vascular bed to contrast media. Invest
Radiol 5:539-547, Nov-Dec 1970

20. Heptinstall RH: Pathology of the Kidney. Boston, Little,
Brown & Co, 1974, pp 753-772

21. Koss MN, Pirani CL, Osserman EF: Experimental Bence-
Jones cast nephropathy. Lab Invest 34:579-591, Jun 1976

22. Bryan CW, McIntire KR: Effect of sustained diuresis on
the renal lesions of mice with Bence Jones protein-producing
tumors. J Lab Clin Med 83:409-416, Mar 1974

23. Isobe T, Osserman EF: Patterns of amyloidosis and their
association with plasma-cell dyscrasia, monoclonal immunoglobu-
lins and Bence-Jones proteins. N Engl J Med 290:473-477, Feb
28, 1974

24. Morel-Maroger LM, Basch A, Danon F, et al: Pathology of
the kidney in Waldenstrom's macroglobulinemia. N Engl J Med
283:123-129, July 16, 1970

25. Feest TG, Burge PS, Cohen SL: Successful treatment of
myeloma kidney by diuresis and plasmaphoresis. Br Med J 1:503-
504, Feb 28, 1976

26. Vaziri ND, Goldman R, Schultze RG, et al: Maintenance
hemodialysis in myeloma kidney disease. West J Med 126:91-94,
Feb 1977

27. Humphrey RL, Wright JR, Zachary JB, et al: Renal
transplantation in multiple myeloma. Ann Intern Med 83:651-653,
Nov 1975

48 JULY 1978 * 129 * 1


